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Abstract 20 
Carbohydrate mouth rinse has been shown to improve time trial performance. Although the 21 
exact mechanism remains un-established, research postulates that there are oral cavity 22 
receptors which increase neural drive. Increasing the duration of the mouth rinse could 23 
potentially increase stimulation of these receptors. The aim of the current investigation was to 24 
determine whether the duration of mouth rinse with 6.4% carbohydrate affected 30min self-25 
selected cycling performance. Eleven male participants (age =24.1 ±3.9 years) performed 26 
three 30min self-paced trials. On one occasion water was given as a mouth rinse for 5s 27 
without being ingested (PLA), on the other two occasions a 6.4% carbohydrate solution was 28 
given for 5 and 10s. Distance cycled, heart rate, ratings of perceived exertion, cadence, speed 29 
and power were recorded throughout all trials. The main findings were that distance cycled 30 
during the 10s mouth rinse trial (20.4 ±2.3km) was significantly greater compared to the PLA 31 
trial (19.2 ±2.2km; P<0.01).  There was no difference between the 5 and 10s trials (P=0.15).  32 
However, 10 out of 11 participants cycled further during the 5 s trial compared to PLA, and 8 33 
cycled further during the 10s trial compared to the 5s.  In conclusion, although there was an 34 
improvement in distance cycled with the 5s mouth rinse compared to the PLA it was only 35 
significant with 10s suggesting a dose response to the duration of mouth rinse.  36 
 37 
 38 
 39 
 40 
41 
Introduction  42 
The ingestion of carbohydrate (CHO) prior to and during prolonged endurance exercise (>2h) 43 
has been observed to improve performance as a result of increased CHO oxidation, muscle 44 
glycogen sparing and thus maintaining euglycaemia (Coyle, Coggan, Hemmert & Ivy, 1986). 45 
Considering the main mechanisms for improving endurance performance it is surprising that 46 
CHO has been observed to improve high intensity (HI) exercise for durations lasting less than 47 
an hour where CHO endogenous stores and hypoglycemia are not limiting factors for 48 
performance (Jeukendrup Moseley, Mainwaring, Samuels, Perry, & Mann, 2006).  In this 49 
direction, the increase of CHO oxidation should be the main responsible for the possible 50 
ergogenic effect of CHO ingestion in this type of exercise. Carter et al. (2004b) tested this 51 
hypothesis, by infusing 20 % glucose solution in to the blood stream which had no effect on 52 
cycling performance suggesting that the potential mechanism for the improvement in 53 
performance in HI exercises with CHO may be central rather than metabolic. This led Carter, 54 
Jeukendrup & Jones (2004a) to investigate the central effect of swilling a CHO solution and 55 
spitting it out. The results showed improved performance in comparison to placebo and 56 
therefore suggested that there are CHO receptors in the oral cavity modulating central 57 
pathways associated with motivation. This ergogenic outcome of rinsing the mouth out with 58 
CHO has since been repeatedly observed (Chambers, Bridge & Jones, 2009; Pottier, 59 
Bouckaert, Gilis, Roels & Derave, 2010; Rollo, Williams, Gant & Nute, 2008), including, 60 
several qualitative reviews have been published addressing this issue (Painelli et al., 2010; 61 
Jeukendrup & Chambers, 2010; Rollo & Williams, 2011).   62 
 63 
The CHO receptors have yet to be discovered, however they are thought to activate the 64 
anterior cingulated cortex and ventral striatum as well as other brain regions (Haase, Cerf-65 
Ducastel & Murphy, 2009). This activation of the brain could influence the pacing strategies 66 
employed by athletes during self-paced exercise tasks (Jeukendrup & Chambers, 2010). In 67 
addition, if there are  CHO receptors in the mouth that  have a central effect, then they could 68 
be affected by an increase in CHO concentration and/or the duration at which the CHO is 69 
held in the mouth. In line with the well-established occupancy theory the greater the 70 
concentration of solution the more receptors that are activated (Clark 1926). Therefore, if a 71 
longer duration or higher concentration of CHO rinse was used potentially more receptors 72 
could be stimulated and thus elicit a greater improvement in performance. The aim of the 73 
current investigation was to determine the effect of different durations of CHO mouth rinse 74 
on cycling performance, comparing the 5 and 10 seconds durations. Our hypothesis is that the 75 
10 seconds mouth rinse will produce a greater central activation, and hence, a more 76 
substantial effect on performance compared to the 5 s mouth rinse. 77 
 78 
Methods 79 
Participants 80 
Eleven healthy active male recreational cyclists (age = 24.1 ± 3.9 years, body mass = 77.9 ± 81 
7.1 kg and height = 174.1 ± 3.0 cm) volunteered to take part in this investigation. All were 82 
injury free and completed an informed consent form in accordance with the declaration of 83 
Helsinki. Participants had previous experience of cycle ergometry, and were fully familiar 84 
with the experimental techniques. The procedure utilised for this investigation was approved 85 
by the University of Central Lancashire, School of Sport Tourism and Outdoors, ethical 86 
committee. 87 
 88 
Procedure 89 
All data collection was completed using a cycle ergometer (Monark Ergomedic 874E, 90 
Monark Exercise, AB, Varberg, Sweden). The protocol involved a total of four visits to the 91 
laboratory. Visit 1 was a familiarization session, whilst visits 2-4 were the simulated time 92 
trials in which participants cycled for maximum distance over 30 min. For the data collection 93 
sessions: visits 2-4 participants were given either a tasteless 6.4 % maltodextrin 94 
(Maltodextrin 100, Sponsor Sport Food) solution (CHO) or a water bolus (PLA) to rinse 95 
around their mouths at 6 minute interludes in accordance with the overall time intervals 96 
utilised by Carter et al. (2004a). The participants were required to cycle as far as possible in 97 
30 min. This study followed a counterbalanced blind design, with each visit separated by 1 98 
week. 99 
 100 
Visit 1 101 
Visit 1 was a familiarization session, whereby participants completed a single 30 min 102 
protocol. Factors such as seat height and ergometer resistance were obtained from this session 103 
and maintained throughout the data collection protocol. Since a mechanically braked cycle 104 
ergometer was used, a resistance was determined (i.e. 2 kg) which was achievable for all 105 
participants at 60 revs.min-1.  This ensured that all participants were able to complete the 106 
same power output at the lowest pedal revolution allowed during the main visits.  During the 107 
main experimental trials they could cycle at a self selected cadence with this resistance 108 
applied.    109 
 110 
Visits 2-4 111 
All participants reported to the laboratory 4 hours post prandial, having also abstained from 112 
alcohol, caffeine and exercise in the 24 hours prior to data collection. On arrival at the 113 
laboratory participants mass, height and age were recorded. Participants were then fitted with 114 
a heart rate transducer (Polar RS100, Polar Electro Oy Finland) and receiver, and positioned 115 
appropriately on the cycle ergometer. Participants performed each of their 30 minute trials at 116 
the same time of day to avoid data variations due to circadian rhythms. Prior to data 117 
collection participants completed a standardized warm-up consisting of 5 min of cycling 118 
against a resistance of 50 W which has been shown to be sufficient for intermediate cycling 119 
performance (Hajoglou et al., 2005). 120 
 121 
The ergometer was linked to a computer which calculated the outcome measures of heart rate 122 
(HR), cadence (rev.min-1), power output (W) and distance covered (km) which were 123 
quantified at 6 min intervals throughout the trials. The only information provided to 124 
participants during the trials was the total time elapsed. In addition, participants were also 125 
asked to rate their perceived exertion (RPE) using the 6 to 20 point Borg scale at 6 min 126 
intervals. With the exception of the RPE data collection and administration of the appropriate 127 
mouth rinse no interaction occurred between researchers and participants. No encouragement 128 
was given to participants. 129 
 130 
Mouth rinse administration  131 
Each participant was given a 25 ml bolus of either a tasteless 6.4 % maltodextrin (CHO) or 132 
water (PLA) for every 6 min of the total protocol. Participants rinsed the fluid around their 133 
mouths for the instructed time, and then spat the fluid back into a bowl.  134 
 135 
Statistical analyses 136 
Descriptive statistics (mean ± standard deviation) were calculated for the outcome measures. 137 
To provide an overall reflection of performance one way repeated measures ANOVA was 138 
conducted on distance completed during the 30 min protocol. To examine any effects of 139 
mouth rinse on pacing, HR and RPE 5 x 3 (time x condition) repeated measures ANOVA’s 140 
were conducted with significance accepted at the p≤0.05 level. All post-hoc analyses were 141 
conducted using a bonferroni correction to control for type I error. The Shapiro-Wilk statistic 142 
for each condition confirmed that the data were normally distributed. All statistical 143 
procedures were conducted using SPSS 19.0 (SPSS Inc., Chicago, IL, USA). 144 
 145 
Results 146 
Distance cycled: 147 
@@@ FIGURE 1 NEAR HERE @@@ 148 
There was a main effect for distance (P<0.01, η2= .50).  Distance cycled during the 10s 149 
mouth rinse trial (20.4 ±2.3 km) was significantly greater compared to the PLA trial (19.2 150 
±2.2 km; P<0.01) (Figure 1).  However, 10 out of 11 participants cycled further during the 5 151 
s trial compared to PLA, and 8 cycled further during the 10s trial compared to the 5 s.     152 
 153 
Pacing: 154 
@@@ Table 1 near here @@@ 155 
Table 1 illustrates the mean overall values for each rinse condition. As can be seen in Figure 156 
2a, there was a main effect for time for cadence (P=0.001, η2= .78) with post hoc analysis 157 
showing cadence increasing after 12 minutes until the end of the exercise.  There was no 158 
main effect for trial, therefore the mouth rinse had no effect on the cadence (P=0.144, η2= 159 
.18).   Speed also increased from 18 minutes until the end of exercise (main effect for time; 160 
P=0.001, η2= .65).  There was a tendency for a main effect for trial (P=0.08, η2= .22) with 161 
10s mouth rinse producing a significantly greater speed than the control trial (P=0.01; Figure 162 
2b).  There was no difference in power between trials (P=0.68, η2= .04), and there was only a 163 
tendency for an effect of time (P=0.07, η2= .19).   164 
  165 
@@@ FIGURE 2 NEAR HERE@@@ 166 
 167 
Heart rate and RPE 168 
HR increased throughout all trials with a main effect for time (P=0.00, η2= .74; Figure 3a) 169 
averaging at 168±10, 164 ±9 and 165 ±7 beats.min-1 for PLA, 5 s and 10 s respectively 170 
(Table 1).  There were no differences between trials (P=0.39, η2= .09). RPE increased with 171 
exercise duration with a main effect for time (P<0.01, η2= .877; Figure 3b).  RPE was 172 
significantly greater during the PLA trial compared to the 5 s trial (P=0.02).  However, there 173 
were no differences between PLA and the 10 s trial (P=0.10) and between 5 and 10 s trials 174 
(P=0.77; Table 1).   175 
 176 
@@@ FIGURE 3 NEAR HERE@@@ 177 
 178 
Blinding efficacy 179 
For the CHO rinse trials 5 out of 11 correctly identified being administered CHO when the 180 
5’s rinse was administered and 6 out of 11 correctly identified the presence of CHO during 181 
the 10’s rinse.  182 
 183 
Discussion 184 
The aim of the study was to determine whether the duration of the mouth rinse had an effect 185 
on performance. This represents the first investigation in which the influence of CHO rinse 186 
duration has been examined. 187 
In recent years, a number of studies have been focusing on the ergogenic effects of CHO 188 
mouth rinse on exercise performance, with some (Carter et al., 2004a; Chambers et al., 2009; 189 
Pottier et al., 2010) but not all (Whitham & McKinney, 2007; Painelli et al., 2011; Chong et 190 
al., 2011) showing a beneficial effect on performance. The results of the current investigation 191 
illustrated a positive improvement in performance with the 10 s mouth rinse compared to the 192 
PLA; although there was no difference between the 10 and 5 s trials it was observed that 8 193 
cyclists travelled further in the 10 s condition in comparison to 5 s. This suggests that there is 194 
some evidence of a dose response to the mouth rinse, although further work is necessary.  195 
The mouth rinse appears to have improved performance by increasing the speed of the 196 
cyclists and reducing the perception of fatigue. This is a similar finding to Pottier et al. (2010) 197 
who found that participants were able to produce more power for the same degree of 198 
discomfort (RPE).   199 
 200 
The observations of the current investigation appear to support the conclusions of Carter et al. 201 
(2004a) who stated that there are oropharyngeal receptors in the mouth sensitive to non-sweet 202 
carbohydrate which may mediate the ergogenic effect of CHO mouth rinsing (Carter et al., 203 
2004b). Previous investigations using functional magnetic resonance imaging (fMRI) have 204 
demonstrated that the presence of glucose in the mouth facilitates activation of the primary 205 
taste cortex and the putative secondary taste cortex in the orbitofrontal cortex (O’Doherty et 206 
al., 2001; de Araujo et al., 2003). These brain regions may stimulate behavioural and 207 
autonomic responses to rewarding stimuli, including taste (Rolls, 2007; Kringelbach, 2004) 208 
and thus may improve exercise performance.  209 
 210 
As observed by Chaffin, Berg, Zuniga & Hanumanthu (2008) a pacing strategy was 211 
employed by the cyclists in the current investigation showing a much greater speed in the last 212 
6 minutes of the trial.  Overall speed was greater in the 10 s trial however.  It is hypothesized 213 
that the mouth rinse increased motivation due to stimulation of oral receptors which allowed 214 
the cyclists to produce a greater speed overall resulting in improved performance.  This is in 215 
contrast to Rollo et al. (2008) who found CHO mouth rinse to improve speed only in the first 216 
5 min of a 30 min run.  The reason for the contrasting results could be that the mode of 217 
exercise different and there is no upper body contribution during cycling.  Chambers et al. 218 
(2009) found that a CHO mouth rinse enhanced motivation and activity of motor control 219 
centres of the brain, potentially facilitating the increases in speed and decrease in RPE found 220 
in the current study.   221 
 222 
Practical implications 223 
Gastrointestinal (GI) distress has been observed when ingesting CHO solutions during HI 224 
exercise (Brouns & Beckers, 1993); therefore rinsing the solution around the mouth is 225 
potentially a more practical ergogenic strategy. Furthermore it is likely that there is an 226 
additional physiological advantage of not having to ingest the solution, i.e. by reducing the 227 
required blood supply to and energy cost incurred by the gastro-intestinal tract to digest and 228 
absorb the carbohydrates. This notion is supported by Pottier et al. (2010) who observed 229 
using a cycling time trial protocol that mouth rinse has an ergogenic advantage in comparison 230 
to ingestion the carbohydrate solution. In addition mouth rinsing may be a performance 231 
enhancing strategy by which diabetic athletes could benefit from the ergogenic benefits of 232 
carbohydrate without the negative health consequences.  233 
Although this study would appear to promote the use of a 10 s rinse, during 30 min cycling 234 
events this may be impractical during competition where the required breathing rate may be 235 
greater (Neary, Bhambhani & Quinney, 1995). During HI events using 5 s mouth rinse 236 
duration would appear to be a far more practical strategy than 10 s, as breathing could 237 
potentially be inhibited whilst rinsing the solution around in the mouth. This study observed 238 
that 10 out of the 11 cyclists performed better when using the mouth rinse for 5 s and 239 
therefore this could be adopted as recommended rinse duration when performing HI exercise. 240 
It could be more beneficial on performance if a shorter duration mouth rinse could occur to 241 
allow more effective breathing. With this in mind, activation of the oral receptors could 242 
potentially occur to a greater extent when higher concentrations of CHO are utilised.   243 
 244 
Limitations 245 
A potential limitation of the current investigation is the relatively small sample size. It is 246 
possible that a larger sample would have provided sufficient statistical power to detect 247 
significant differences between the 5 and 10 s rinses. It is recommended that future work 248 
replicate the current investigation with a larger cohort.  In addition, the lack of a 10 s placebo 249 
condition may have influenced 10 s mouth rinse result due to an enhanced placebo effect.  In 250 
future studies a 10 s placebo should be added to balance the research design more effectively.    251 
That no fMRI measures were taken may also serve as a limitation of the current investigation. 252 
The results of this study support the accumulating evidence of central response from an oral 253 
CHO stimulus that may mediate performance improvements. fMRI analyses have found that 254 
oral CHO facilitates activation of the orbitofrontal cortex region of the brain (O’Doherty, 255 
Rolles, Francis, Bowtell & McGlone,  2001). Therefore, to observe the extent of the 256 
activation of this specific brain area with variations in rinse duration would be of interest 257 
from both a performance and academic standpoint.  258 
 259 
Conclusions 260 
In conclusion, the present study supports findings of previous research observing an increase 261 
of ~6.0 % in cycling performance with a CHO mouth rinse compared to a placebo.  However, 262 
although there was an improvement in distance cycled with the 5 s mouth rinse compared to 263 
the placebo it was only statistically significant with 10 s. There appears to be a tendency for a 264 
dose relationship with regards to the duration of the mouth rinse held in the mouth. An 265 
increase in the mouth rinse duration may result in the brain areas linked to the motivation and 266 
motor control being activated for a greater period. This may be a result of more CHO 267 
receptors being activated and causing a decrease in the perception of discomfort.  The 268 
underlying mechanism regarding the ergogenic influence of 10 s CHO mouth rinse has yet to 269 
be determined; potentially it could be the presence of CHO or fluid per se that leads to the 270 
improved performance. Nonetheless, athletes performing 30 min of cycling exercise could 271 
improve their performance by using a CHO mouth rinse. 272 
 273 
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